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Purpose of the Review: This review aims to critically assess current knowledge about the 
epidemiology, diagnosis, and management of Fasciola infection in humans. 

Recent Findings: Fascioliasis is an emerging neglected zoonotic infection affecting the 
health and wellbeing of human populations. The burden of infection is unclear, and studies 
have shown the geographic expansion of fascioliasis in human and livestock likely related to 
climate change. The infection can be asymptomatic or present in acute or chronic forms. 
Regardless of the presentation, fascioliasis can be associated with long-term complications 
such as anemia and malnutrition. Early in the infection, antibody testing is the only tool 
available for diagnosis confirmation. In the chronic forms serology and stool microscopy are 
helpful. Other tests such as antigen detection and PCR-based methods including isothermal 
tests have shown promising results. Triclabendazole is the only drug available to treat 
Fasciola infection. However, reports of resistant infections in livestock and human threaten 
the clinical care and control of the infection in endemic areas. 

Summary: Fascioliasis is an emerging infection around the world with an uncertain burden. 
Lack of standardization of diagnostic testing and treatment alternatives hinder treatment and 
control of the infection. 

Keywords: Fasciola hepatica, Fasciola gigantica, diagnosis, treatment, epidemiology, 
triclabendazole 





Introduction 

Fascioliasis is a foodborne trematode infection with a worldwide distribution. 
Fasciola infection has been reported in 81 countries.' Fascioliasis is considered 
a neglected zoonotic disease by the World Health Organization. Two accepted 
species, Fasciola hepatica and Fasciola gigantica, infect a wide range of mammals 
including livestock and humans. The current burden of human infection is not well 
known. The lack of supporting information from large epidemiologic studies and 
the particularities of the distribution of fascioliasis significantly hinder the estima- 
tion of the number of infected people and disease burden. It was estimated that 
between 2.4 million and 17 million people were infected around the world.?” 
However, these estimates date back more than 25 years and the data used for 
their calculation are not provided. The more recent estimate of 2.6 million infec- 
tions by Fiirst et al was based on expert opinion.* Given the emerging character of 
fascioliasis and reports of its expanding endemic areas, * it is likely that the 
number of infections around the world surpasses previous estimates. 
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Fasciola has a complex lifecycle that involves inter- 
mediate snail and definitive mammal hosts, including 
humans. Eggs shed in the stool of the definitive host 
embryonate in fresh water releasing a single miracidium. 
The miracidium penetrates the tegument of the snail inter- 
mediate host to cause infection. Susceptible snails belong 
to the Lymnaeidae family. There are 30 snail species 
shown to be competent hosts in nature or in vitro but 
with different transmission efficiencies.? Snails from the 
Galba and Radix genus, particularly Galba truncatula, are 
responsible for most of Fasciola transmission around the 
world.? The distributions of Fasciola risk and infection 
follow the distribution of the intermediate host which is 
key to sustain the parasite in endemic areas.'” Importantly, 
the snail infection amplifies Fasciola production by gen- 
erating large numbers of cercariae from a single miraci- 
dium. Free swimming cercariae disperse a few meters 
away from the snail host usually following water currents. 
These encyst into metacercariae that stay in the water or 
attach to aquatic plants.'* The mammal definitive host 
acquires the infection by ingesting metacercariae in water 
or leafy vegetables that grow near water. After ingestion, 
metacercariae excyst in the intestine and release the imma- 
ture parasites that migrate through the wall of the intestine, 
the abdominal cavity, and the liver parenchyma to reach 
the biliary tree. Once in the bile ducts, the parasites mature 
and start producing eggs. 

The migratory phase can last more than 12 weeks and 
causes acute symptoms characterized by fever and right 
upper quadrant pain associated with high eosinophil 
counts and hypodense track like lesions on liver imaging 
studies (Figure 1). Sexually mature parasites established in 
the bile ducts cause the chronic phase of the infection that 
can last more than 10 years and is characterized by inflam- 
mation of the biliary tree and obstructive symptoms such 
as intermittent abdominal pain and jaundice. Importantly, 
at the community level in endemic areas, both phases can 
have an indolent course with no or mild symptoms that fail 
to prompt a diagnostic workup.'? Thus, patients can 
remain undiagnosed for prolonged periods of time causing 
adverse health impacts. Ectopic infections involving the 
subcutaneous tissue and other organs inside and outside 
the abdomen are reported and have been summarized by 
Taghipour et al.'* However, their prevalence has not been 
established in endemic areas and are not common at the 
community level. 

Human infection with Fasciola has been associated 
with short- and long-term complications. During the 





Figure | Fasciola hepatica clinical presentations in human. Panel (A) Abdominal 
computed tomography scan with contrast showing hypodense and track-like lesions 
(white arrow heads) in a patient with acute fascioliasis. Panel (B) Five adult Fasciola 
parasites (black arrow heads) extracted from the common bile duct of a patient 
having surgery for acute cholecystitis. Image courtesy of Dr. Miguel M. Cabada. 


acute phase, patients may develop an incapacitating pro- 
longed febrile illness that may remain undiagnosed for 
weeks even in endemic areas.'*'* The migrating parasites 
may erode into blood vessels causing large and sometimes 
life-threatening subcapsular liver hematomas.'**” In the 
acute and chronic phases, patients can present with cho- 
langitis or liver abscesses associated with bacteria carried 
by the parasites or obstruction of bile flow.'* The associa- 
tion of chronic fascioliasis with liver fibrosis, cirrhosis and 
biliary tree disease has been reported in the literature and 
studied in animals but has not been characterized in 
humans.'* Most importantly, patients with asymptomatic, 
acute, or chronic fascioliasis can experience significant 
weight loss and anemia.'*1%!? Young children are espe- 
cially vulnerable to the devastating long-term complica- 
tions associated with undernutrition and anemia such as 
stunting and poor neurocognitive development. 
Fascioliasis has a large impact on the livestock indus- 
try. It is estimated that 10-80% of dairy and meat cattle 
herds are 


infected in developed and developing 


countries.2%2 The global economic burden to the industry 
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was estimated at USD 3 billion per year in 1994. More 
recent estimates from developed countries take into 
account losses in meat, milk, and wool production, as 
well as, treatment costs suggesting a much higher burden. 
Charlier et al estimated the costs associated with helminth 
infections in the ruminant livestock industry from 18 
countries in the European Union. In this study, fascioliasis 
caused losses of USD 750 million a year, with the largest 
impact on the dairy and meat cattle industries. The 
estimated cost of nematode resistance to medications 
accounted for an additional USD 45 million, but no esti- 
mate was provided for resistance in  Fasciola. 
Triclabendazole resistance is a significant problem in 
some European, Latin American and African countries 
that may increase the economic burden of fascioliasis.?* 
In Germany, the breakdown of the median annual costs 
associated with fascioliasis in each farm included treat- 
ment of cattle (USD 100), decreased efficiency of calf 
production (USD 2100), and decreased milk production 
(USD 735).?” In developing countries, the burden of fas- 
cioliasis in livestock is less well studied. Small scale farm- 
ing in rural communities poses challenges to perform 
accurate estimates. Studies in slaughterhouses provide 
a rough estimate of the infection and economic burdens. 
A study in a single slaughterhouse from the Andes 
Mountains of Peru reported a 55% prevalence of fascio- 
liasis in cattle causing an estimated annual loss of USD 
400,000 from liver condemnation and decreased carcass 
weight.?% Similar studies in Ethiopia and Cameroon 
showed a lower Fasciola prevalence with estimated losses 
from liver condemnations of USD 43,000 and USD 
76,000 per year, respectively. In these settings, 
Fasciola not only inflicts an economic burden on small- 
scale producers but also threatens food security among 
subsistence farmers that raise livestock to feed their 
families. 

This manuscript aims to provide an updated critical 
review of recent data published on Fasciola epidemiology, 
diagnosis, treatment, and control. In addition, the authors 
provide some insights regarding knowledge gaps and the 
management of fascioliasis stemming from ongoing 
research studies in the Cusco region of Peru. 


Epidemiology 

Fascioliasis is a global emerging infection. Influences from 
climate change may increase rainfall in some areas and 
decrease freezing temperatures in others, creating new habi- 
tats where Fasciola and its hosts can emerge. Man-made 


modifications of the environment such as new irrigation 
projects may also increase the availability of suitable habi- 
tats. Migration, globalization, and import/export of live- 
stock can introduce the parasites and its vectors to new 
regions. All these factors together can potentially cause 
the expansion of endemic areas and increase the prevalence 
of Fasciola in livestock and humans.*'** Populations in 
developing countries will likely be the most affected while 
their health systems are impacted by the COVID 19 pan- 
demic and Fasciola control efforts decline. In addition, 
sporadic cases of Fasciola infection in developed countries, 
travelers, expatriates, and migrants will likely be seen more 
often. 

Fascioliasis predominantly affects human populations 
living in poverty.?* Small rural communities in the Andes 
Mountains of Bolivia, Ecuador, and Peru bear a significant 
part of the world's infection burden.'**” The adaptation of 
Fasciola and the intermediate snail host to the Andean 
high altitude environment is remarkable. Some of the 
highest prevalence of human infection in the world have 
been documented above 12,500 ft around Lake Titicaca in 
the Bolivian-Peruvian Altiplano.?* Other important ende- 
mic countries include Egypt, Turkey, Iran, China, and 
Vietnam. There are reports of emerging and reemerging 
fascioliasis in countries of Africa, Asia, and the Middle 
East. Some European countries such as Portugal, 
Spain, and France still report locally acquired human 
E in North 
America where most of the reported cases are diagnosed 


fascioliasis. Infection is uncommon 
in travelers and immigrants. 2* Reports of fascioliasis 
emerging in new areas within endemic countries suggest 
that significant work is still needed to describe the distri- 
bution and burden of the infection.*-* 

An important characteristic of Fasciola”s epidemiology 
is its patchy geographic distribution. The prevalence of 
Fasciola infection can vary widely within small geo- 
graphic areas.*! Esteban et al studied 2700 subjects in 
24 communities located in a small area between La Paz 
and Lake Titicaca in the Bolivian Altiplano and reported 
rates of infection varying between 0% and 68%.* 
Similarly, Cabada et al studied 2500 children in 26 neigh- 
boring communities of the Anta province in Peru and 
found infection rates between 0% and 20%.** This varia- 
bility is explained in part by the spatial distribution of the 
snail hosts and their habitats. In addition, proximity 
between the snail host and livestock is crucial to maintain 
Fasciola's lifecycle. In the Bolivian Altiplano, where 
infections rates can exceed 50% in human and livestock, 
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there is a spatial correlation between animal and human 
infection.** However, studies in areas with lower preva- 
lence may fail to show a correlation between livestock and 
human infection rates. 

The distribution of fascioliasis by sex shows variable 
results. A large study by Parkinson et al in the Bolivian 
Altiplano involving almost 8000 subjects of all ages failed 
to find a significant association with sex.*? However, stu- 
dies in other areas have suggested a higher prevalence in 
females especially among children.” Curtale et al in 
a study including over 21,000 children in Egypt reported 
that females had a significantly higher prevalence of fas- 
cioliasis and passed more eggs in the stool than males.** 

School-age children are disproportionately affected by 
Fasciola infection in highly endemic countries. The high- 
est chronic infection rate documented was 70% in the 8-11 
years age group in the Bolivian Altiplano.*? An epidemio- 
logic study in the highlands of Cusco in Peru showed that 
older age of the child was an independent risk factor for 
fascioliasis with infected children having a mean age of 11 
years. De van et al recently reported a case series of 
toddlers in 
Vietnam.”” This report documented acute and chronic fas- 


Fasciola infection among infants and 
cioliasis in 5 very young children and reviewed 38 addi- 
tional cases of children under 4-years old reported in the 
literature between the years 1856 and 2016.” The same 
group published a report on the seroprevalence of fascio- 
liasis among 1120 patients referred to Hanoi Medical 
University Hospital. The seropositivity was significantly 
lower in the group between 5 and 15 years compared to 
the other age groups (4.9% vs >8.9%, p < 0.05).% In the 
Cusco region of Peru, we identified 253 children ages 3 to 
16 years old with positive serology and/or stool micro- 
scopy for fascioliasis among 2513 children studied. The 
prevalence on Fasciola infection (6.1% versus 10.6%, p = 
0.017), chronic fascioliasis (2.5% versus 6.5%, p = 0.02), 
and positive serology (5.1% versus 8.8%, p = 0.03) were 
significantly lower among children under 5 years com- 
pared to children 5 years and older.*% Although these 
data suggest that infection in young children is less com- 
mon than in older age groups, children under 5 years old 
are especially vulnerable to Fasciola complications such as 
chronic anemia and malnutrition and must be included in 
epidemiologic studies and control programs. 

Dietary habits are important factors associated with an 
increased risk of Fasciola infection. The consumption of wild 
watercress that grows near livestock grazing areas is reported 


in most cases of sporadic transmission.'**9*1:43.44.61 


However, other leafy vegetables and vegetables that grow 
at the ground level such as radish have also been associated 
with transmission.**-2 Drinking untreated water has been 
associated with a higher likelihood of Fasciola infection in 
several studies from the highlands of Peru.?': Drinks pre- 
pared with contaminated water or raw vegetables may lead to 
inadvertent transmission. 


Diagnosis 

The complex pathophysiology of fascioliasis may create 
some diagnostic challenges for clinicians. The presence of 
risk factors such as exposure to endemic areas, raw water 
plants, or untreated water may raise the clinical 
suspicion.* The signs and symptoms of fascioliasis are 
not specific but certain combinations of these may suggest 
the infection. Subacute onset of fever and right upper 
quadrant pain with a history of exposure should make 
the clinician suspect fascioliasis. Eosinophilia, especially 
when over 1000 cells/uL with or without the symptoms 
above, should raise concerns for tissue invasive parasite 
infections including Fasciola. Intermittent long-standing 
right upper quadrant pain, anemia, and/or stunting in chil- 
dren from endemic areas should also make the clinician 
think about Fasciola infection. 

To confirm the diagnosis of fascioliasis, 1t 1s important 
to differentiate the tissue from the biliary phase of the 
infection. During tissue migration, the parasites do not 
produce eggs and diagnosis relies on antibody detection. 
Antibodies against Fasciola may take 2 to 4 weeks to 
become detectable after the initial infection and should 
remain positive through the chronic phase. Once the bili- 
ary tree is reached, parasites start producing eggs that can 
be detected in stool. Of note, parasite egg output may not 
be consistent and the distribution of eggs within the stool 
sample is not uniform. This makes testing several parts of 
the sample or several samples necessary to increase the 
diagnostic yield of microscopy. Similar considerations are 
necessary when obtaining the stool aliquot for molecular 
tests. 

There is no gold standard test to diagnose fascioliasis. 
Stool microscopy tests are probably the most used in ende- 
mic countries. Finding eggs in the stool provides diagnostic 
certainty. However, most microscopy techniques have a low 
sensitivity and require repeated testing and egg concentra- 
tion. The sensitivity is further reduced when egg counts are 
low which may be observed in long-term infections, treat- 
ment failure, or infections with hybrid parasites (F. hepa- 
tica/F. gigantica).*% The Kato Katz test is a quantitative 
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microscopy test recommended by WHO in areas with 
a high prevalence and intensity of infection. The Kato 
Katz test alone may miss a third of the infections and 
combining it with methods that concentrate eggs provides 
a better sensitivity. Sedimentation tests such as spontaneous 
sedimentation and Lumbreras rapid sedimentation have 
higher sensitivity than Kato Katz.” These methods require 
less training and have a lower cost than ethyl acetate or 
formalin-ether-based concentration methods. Device-based 
concentration techniques achieve the highest sensitivity but 
are expensive, difficult to use in large surveys, and not 
widely available. The FLOTAC and mini-FLOTAC devices 
(University of Naples, Naples, Italy) combined with flota- 
tion solutions with specific gravities adjusted for Fasciola 
eggs are considered more sensitive than direct smear, Kato 
Katz, formalin-ether, and simple flotation techniques.** The 
Flukefinder” (Soda Springs, ID) device consists of a series 
of sieves to concentrate fluke eggs and is commercialized in 
the veterinary market. Flukefinder” demonstrated a higher 
overall sensitivity (90%) than mini-FLOTAC (67.5%) and 
Kato Katz tests (32.5%) in human stool spiked with differ- 
ent numbers of Fasciola eggs.* 

Antibody testing by ELISA is a widely used diagnostic 
tool in fascioliasis especially helpful during the acute 
phase. Most commercially available tests are based on 
antigens from the excretory/secretory products or tegu- 
ment of E hepatica.?7 The sensitivity and specificity of 
most of the modern ELISA tests are higher than 90% when 
used in serum from selected subjects passing Fasciola egg 
in the stool.” However, the diagnostic performance of 
these tests in field conditions in endemic areas has seldom 
been evaluated. Some manufacturers of commercial 
ELISA kits still rely on parasite produced crude antigens 
which hinders the specificity, batch to batch reliability, and 
production scalability.? The availability of commercial 
Fasciola serologic testing is an issue in developed and 
developing countries. In the United States, the Center for 
Diseases Control and Prevention offers an immunoblot test 
based on a recombinant Fasciola antigen (FhSAP2) with 
a reported sensitivity and specificity of 94% and 98%, 
respectively.” Antibody testing is limited by the poor 
predictive value to differentiate past from current infection 
and to evaluate treatment response even after the infection 
has been eradicated. An IgM ELISA based on the Fas2 
antigen was studied as a potential test to differentiate 
between acute and chronic infection. This study had 
a limited number of samples and found a sensitivity of 
43% and specificity of 100%.”? Further evaluation of the 


Fas2 IgM ELISA targeting subjects with acute or recent 
infection may provide a useful diagnostic tool in the 
future. 

Stool antigen ELISA tests for the detection of excre- 
tory/secretory products can detect the infection weeks 
before microscopy. The copro-antigen HFELISA has 
a sensitivity of 94% and specificity of up to 98%. The 
Fasciola MM3-Coproantigen ELISA is a highly sensitive 
test commercialized in veterinary medicine that can detect 
very low burdens of infection (one parasite) in cattle.? 

Detection of Fasciola DNA in stool samples using 
polymerase chain reaction (PCR) tests have an overall 
high sensitivity and specificity. Some PCR tests can detect 
Fasciola DNA weeks before eggs are apparent in the stool. 
However, some authors have reported inconsistent results. 
Arifin et al compared a conventional PCR test and a loop- 
mediated isothermal amplification (LAMP) test with stool 
microscopy and serology to diagnose fascioliasis in 
human.”* Despite their very good analytical sensitivity, 
the PCR and LAMP tests had a sensitivity of 10% and 
18%, respectively. ”* These inconsistencies between studies 
may be related to differences in DNA extraction protocols 
which in the case of the hardy Fasciola eggs is a critical 
step.” 

The lack of training and laboratory capacity in ende- 
mic areas where molecular testing is most needed is 
a significant barrier for implementation. In these settings, 
the ideal diagnostic method should be easily deployable 
to areas without much laboratory capacity, require mini- 
mal training of personnel, and have a high accuracy. 
Several PCR isothermal DNA detection techniques that 
do not require a thermocycler or other expensive equip- 
ment have been tested for Fascioliasis. Recombinase 
polymerase amplification (RPA) has a high potential for 
field deployment in developing countries. Cabada et al in 
a study testing a limited number of stool samples 
reported that a single RPA had a sensitivity of 88% and 
specificity of 100% when tested in stool samples of 
children with and without fascioliasis and with other 
parasites. In addition, the RPA was able to detect DNA 
in 47% of samples from patients with fascioliasis and 
negative microscopy testing.” Ghodsian et al reported on 
LAMP tests with a limit of detection of five eggs per 
gram of stool using spiked stool samples.”” Despite the 
promising results of these isothermal techniques, none of 
these tests have been evaluated in field conditions and 
most of these studies do not consider issues related to 
sample preparation and manipulation as a potential 
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source for false negative and false-positive results, 
respectively. 


Treatment and Control 

Patients with fascioliasis can present during the acute or 
chronic phase of the infection. Treatment is indicated to 
shorten the duration of symptoms and prevent complica- 
tions. Asymptomatic or mildly symptomatic subjects in the 
community should also receive treatment to prevent the 
potential chronic effects of the infection, especially in 
children. Triclabendazole is the only drug recommended 
for the 
fascioliasis.* This is a benzimidazole drug that interferes 


treatment of acute and chronic human 
with the parasite”s P-tubulin polymerization balance like 
other drugs in the same class, but the exact mechanism of 
action is still to be fully elucidated.”* Triclabendazole 
causes marked disruption of the tegument and inhibition 
of protein synthesis in Fasciola.”* The spectrum of activity 
of triclabendazole is narrow with indications for fasciolia- 
sis and paragonimiasis only. The WHO recommends treat- 
ment with one or two doses at 10 mg/kg per dose 
separated for 12 to 24 hours. The US Food and Drug 
Administration approved a two-dose regimen for the treat- 
ment of acute and chronic fascioliasis in human 6 years 
and older in 2019.” Triclabendazole should be adminis- 
tered with food as this increases plasma concentration 2 to 
3 fold. It is considered a safe drug based on decades of 
experience using it around the world and a limited set of 
safety studies. Drug toxicity evaluation in dogs found the 
potential for QTc interval prolongation at high doses. The 
package insert suggests caution in human known to have 
or taking other medications that prolong the QTec 
interval”? 

Nitazoxanide has been proposed as an alternative med- 
ication for the treatment of Fasciola infection. Two small 
clinical trials showed an efficacy between 40% and 60%.* 
However, the results in observational studies are inconsis- 
tent. Zumaquero-Rios et al reported 94% efficacy among 
children treated in Mexico.*' In Egypt, Ramadan et al 
prescribe nitazoxanide to 30 subjects with acute fasciolia- 
sis and reported an efficacy of 36%.*” Our group in Cusco 
has used nitazoxanide in subjects with acute and chronic 
fascioliasis that failed triclabendazole with no success.” 
In light of the conflicting evidence about the effectiveness 
of nitazoxanide a recommendation about its use cannot be 
made. Antiparasitic drugs used to treat other trematode 
parasites such as praziquantel are not effective against 


Fasciola infection. 


Subjects with fascioliasis should have a test of cure 
after treatment. In acute fascioliasis, symptoms and eosi- 
nophilia usually start improving within a few days after 
treatment, but the latter can take several weeks to return to 
normal. If symptoms of the acute infection resolve, stool 
microscopy testing for Fasciola eggs should be considered 
1 or 2 months after treatment. The resolution of symptoms 
in some of those patients could be related to the develop- 
ment of chronic infection. Similarly, patients with chronic 
infection should have multiple stool samples examined by 
microscopy and using an egg concentration method to 
ascertain cure between 1 and 2 months after treatment. 
The role of serology in the clinical follow up of subjects 
with acute and chronic fascioliasis is unclear and may 
depend on the method. Although ELISA titers of available 
tests may decrease over time after successful treatment, 
the clinically relevant time and level of titer reduction 
have not been established. In addition, the proportion of 
subjects that revert to negative ELISA over time has not 
been well described.** The family members of patients 
diagnosed with fascioliasis in endemic areas should be 
screened for the infection using stool microscopy, as 
cases tend to cluster in families.*?% 

The control of fascioliasis in endemic countries may 
focus on some of the critical points in the lifecycle of 
Fasciola. Snail control strategies could significantly 
decrease transmission. However, the use of molluscicides 
causes only a transient reduction in snail populations and 
affects many other bystander species. Draining of water 
bodies may have similar effects on other living organisms 
and is difficult to perform in endemic areas.** Treatment 
of livestock has been a major control strategy applied 
widely in developed and developing countries. Several 
drugs such as triclabendazole, albendazole, clorsulon, 
and closantel are available for treatment in animals. 
However, triclabendazole is one of the most widely used 
flukicides due to its high efficacy and effects on very 
young and adult parasites. Importantly, sheep exhibit 
high morbidity and mortality in acute infection and tricla- 
bendazole is the only alternative to prevent losses caused 
in early disease.*” However, this strategy is likely asso- 
ciated with the significant reduction in triclabendazole 
effectiveness in livestock around the world and should 
be substituted by drug replacement and stewardship pro- 
grams to target infected and vulnerable animals more 
specifically. 

The WHO promotes mass drug administration to 
in human 


decrease the prevalence of fascioliasis 
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populations in high burden countries. Bolivia, Egypt, Peru, 
and Vietnam have tried different approaches to control in 
human populations. These included diagnose and treat, 
school-based administration, and mass drug administration 
programs that for the most part are inactive now.*%* 
Egypt launched a screen and treat program in schools 
and villages in endemic areas that decreased the preva- 
lence of fascioliasis from 6% to 1% in 7 years. In Peru, 
initial efforts for a school-based mass drug administration 
program was piloted in the Northern highlands but was not 
fully implemented in the rest of the country.“ Bolivia 
applied a mass drug administration program that consis- 
tently provided yearly triclabendazole doses to populations 
living in hyperendemic areas near Lake Titicaca. This 
program treated all the population for more than 10 years 
with a fixed 250 mg dose independently of age or 
weight.*? A recent study by Mollinedo et al documented 
a reduction in Fasciola prevalence to <1% compared with 
12-27% from historical data in the area where the program 
was implemented.*? This experience has not been repli- 
cated in other areas and further evaluation of its effective- 
ness and sustainability are probably warranted. 

Depending on a single drug for treatment and control of 
fascioliasis is problematic. Overreliance on triclabendazole 
originated the emergence of triclabendazole resistance in 
EF. hepatica and, less often, E gigantica. Cattle and sheep 
infections with triclabendazole resistance parasites have 
been reported in more than 17 endemic countries around 
the world.*” Inconsistent farming practices, lack of quality 
control in veterinary products, and underdosing of tricla- 
bendazole are likely associated with the emergence of resis- 
tance in developing countries... A detailed review of 
resistant infections in livestock has been recently published 
by Fairweather et al and the readers are referred to that 
publication for additional details.” Importantly, triclaben- 
dazole resistance in human with fascioliasis is also emer- 
ging and is likely associated with resistance in livestock. 
Case series from Chile,” The Netherlands, Peru,* 
Portugal, and Turkey”* have documented treatment fail- 
ures despite multiple doses of triclabendazole. Our group 
documented treatment failures after multiple courses of 
treatment in 7/19 (37%) patients referred to our center for 
treatment.** Ramadan et al reported on 67 Egyptian patients 
with acute fascioliasis treated with a single triclabendazole 
dose. Only 37 (55%) of them responded to the first round of 
treatment.*? Our group studied a series of 146 children with 
chronic fascioliasis in Peru treated with triclabendazole. In 
this study, only 38% of the children that failed one round of 


triclabendazole treatment cured after a second round. 
(Cabada personal communication) 

Efforts are being made to develop an effective vaccine 
for livestock. Some of the candidate antigens include 
FhCL1, FACL2, FhPrx, FhLAP and FhHDM.” FhLAP is 
one of the better studied antigens inducing protection in 
between 83% and 90% of livestock.*- However, no vac- 
cine is now commercially available and further research is 


needed to achieve better and sustained responses. 


Conclusions 

Fascioliasis is a neglected zoonotic infection with a global 
distribution lacking a precise estimation of infection and 
disease burden. Fascioliasis in the asymptomatic, acute, 
and chronic forms is associated with short- and long-term 
impacts on human health. The complex pathophysiology 
of Fasciola infection in human may pose challenges for the 
diagnosis and management of the disease. However, once 
diagnosed, all the forms of the infection warrant treatment. 
The only drug recommended for treatment and control of 
fascioliasis in humans is triclabendazole. The emerging 
Fasciola resistance to triclabendazole in livestock and 
human constitutes a threat to the management of infected 
patients and the control in affected human populations. 
Further research is needed to understand the relationships 
of susceptible and resistant parasites with the intermediate, 
livestock, and human hosts. In addition, research on alter- 
native drugs to treat human infection and/or overcome 


triclabendazole resistance is urgently needed. 
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